The Fieldfare is a bird species widely distributed in the Palearctic region. In Hungary, the species is considered as a rare breeder and common, sometimes abundant migrant in autumn and spring, and also as winter visitor. It is prone to invasion, since northern breeding populations leave the breeding sites in large numbers only when the available food is inadequate or inaccessible to the birds. Most populations follow a southern-southwestern migration pattern, and in the course of their movement they also migrating through the Carpathian Basin. In this study, we examined the migration and wintering of the species in an area of southeast Hungary between 2004 and 2019. Data were collected between the beginning of October and the middle of April and during that period we saw Fieldfares a total of 416 times. In addition to the description of migration, the effect of weather on bird numbers was also investigated. According to our results, the species appears in the area in October and disappears in late March and the first half of April. The individuals that migrate in October are likely belonging to the Central European breeding population, while from November the Scandinavian birds can be seen. The maximum number of birds observed during the different years showed significant differences, as did the patterns of movements within the seasons. The relationship between the local weather and the number of birds has been demonstrated over several seasons, which is typical of species with an escape migration.
Introduction
The Fieldfare Turdus pilaris has an extremely large breeding range with a total of 24,100,000 km 2 area (BirdLife International 2019). It breeds from North and Central Europe, East through Central Siberia, North Kazakhstan, Altai and Sayan Mountains to Aldan Basin and Transbaikalia (Collar 2019) . It breeds in several European countries since the mid-20 th century, including Serbia (Stanković 2018) , Italy (Spina & Volponi 2009 ), Croatia (Budinski 2013) and the British Island (Wernham et al. 2002) . Monotypic (Collar 2019), however, birds wintering in the Upper Volga region of West Russia, described as race glacioborealis, differ from local breeders in morphology and plumage, but further researches are needed (Lastukhin 2005) . It winters in West and South Europe, North Africa and Southwest Asia (Collar 2019), but some breeding areas (i.e. South Scandinavia, Germany, Czech Republic and Hungary) have a considerable overlap with autumn/winter areas (Milwright 1994) . Vagrants have occurred in Arabia, China (Kansu), Japan, North America and India (Clement & Hathway 2000 , Banerjee & Inskipp 2013 .
Fieldfares typically breed in birch, alder and pine forests mostly near rivers, marshes and creeks, but at lower widths they can be found in mixed forests too (Collar 2019). The Fieldfare's preferred diet, in summer at least, is invertebrates, particularly earthworms. In autumn they switch to fruits, and in severe winter weather, when the ground is frozen, a considerable number of Fieldfares may enter orchards to feed on apples (Norman 1994 (Norman , 1995 .
The species migrates from the northern breeding areas to south-southwest, however, there are differences among breeding populations. Compared to the closely related Song Thrush T. philomelos and Common Blackbird T. merula, the connectivity between the breeding and wintering grounds is very small (Huttunen 2004 , Csörgő et al. 2017a . In the case of Redwing T. iliacus that breeds also in the northern areas, there is also very small connectivity (Huttunen 2004) . Birds breeding in Finland have mostly southwestern migration direction and winter almost in Italy and France, but there are data from 30 different countries (Valkama et al. 2015) . Similar pattern can be observed in Sweden and Denmark, but a part of the Swedish local breeding birds moves first to Norway, and then turns to south. They winter in a very broad area from Spain to Azerbaijan (Bønløkke et al. 2006 , Fransson & Hall-Karlsson 2008 . The birds re-captured in Germany originate almost from North Fennoscandia and winter in South-Southwest Europe, but some individuals are from Russia to the 87° longitude and there are recoveries from the eastern Mediterranean too (Bairlein et al. 2014) . The foreign recoveries in Italy, which is one of the most important wintering countries of the species, originating particularly from Finland, Germany and Russia. The Baltic accounts for a large part of the overall sample, together with Central-eastern Europe and there is a connectivity of Italy with the United Kingdom too (Spina & Volponi 2009 ). The Siberian and the central Russian birds go to the Po, Rhone and Gironde rivers, so these populations have a southwestern migratory direction. This migration route passes the Carpathian Basin, which can be used for a refuelling stop if necessary, and enters the Po from the east. This is the only direction (other than via the Adriatic Sea), which avoids crossing the Alps (Milwright 1994) . This was considered by a bird that has been ringed in Hungary and later has recovered in Siberia (Csörgő & Gyurácz 2009a) . Their migration speed is fast, most likely depending on the favourable winds (Milwright 1994) .
The Scandinavian birds leave the breeding areas from October, then the recoveries in November are already concentrated in Central Europe (Fransson & Hall-Karlsson 2008 , Bairlein et al. 2014 , Valkama et al. 2015 . The earliest foreign ringed Fieldfares reach Italy in mid-September and increase in frequency in October, while the highest numbers are reached between the second decade of November and the first of December (Spina & Volponi 2009 ). The first individuals reach the Central European breeding grounds from early-March (Schröpfer 2008) , while the Scandinavian birds arrive in April (Fransson & Hall-Karlsson 2008 , Valkama et al. 2015 .
The species is not faithful to its wintering sites year after year (Ashmole 1962 , Norman 1994 , and, additionally, has no fidelity to an area, even within a winter season. For example, birds ringed during winter in the United Kingdom, Belgium and The Netherlands have been found in Croatia in subsequent winters (Budinski 2013) . Furthermore, birds from the same brood, in subsequent winters may occur in entirely different areas (Simms 1978) . Some individuals have been found in successive winters at areas up to several thousand kilometres (Ashmole 1962 , Bairlein et al. 2014 . Studies in Germany show that the individual wintering sites can be spread over 3000 kilometres over the years (Bairlein et al. 2014) . These irregularities can be explained by drifting during migration (Alerstam 1975) , movements during hard weather (Lack 1960) , or intense nomadic behaviour to exploit variable berry crops (Norman 1994) . Wintering birds from Britain, Denmark and Germany move to the southeast during a winter season (Milwright 1994) . However, the examination of the ringing record shows that some individuals, and possibly some populations, are faithful to winter sites (Milwright 1994) . At one ringing site in eastern England, out of 910 birds, 11 (1.2%) were trapped again in later winters, also, of the 278 British and Irish ringed birds which have been recovered anywhere during a winter subsequent to that of their ringing, 15 (5.4%) were recovered within 20 km from their ringing site (Milwright 1994) . Besides, Thy (1986) found that Fieldfares wintering in eastern England have a flexible social structure ranging from highly gregarious to near-territorial according to their food supply. In experiments using apples, previously-gregarious Fieldfares established large exclusive territories and spent more time on aggression and eating experimental apples and less time on hunting invertebrates than non-territorial birds did. However, important to note, that the birds wintering in Britain might show a different habit due to the temperate, mild climate is different from the Central European conditions. The Fieldfare is a typical irruptive species. The results of Tyrväinen (1970) in Finland shows, that a significant part of the breeding population did not migrate in the autumn when the berry crop of the mountain ash was exceptionally good and, moreover, when the autumn was very mild, and the snow cover delayed. Emigration only started when the food supply was exhausted. The species shows marked invasion tendencies in relation to the supply of rowanberries (Alerstam 1993 ). Svärdson (1957) found that every third or fourth winter, Scandinavia is invaded by huge masses of Fieldfares originating from the northern breeding grounds. Irruption species seem to have an extra ability of locating food. In this way, Fieldfares, which move along fairly high in the air, could direct their further flight according to sign-stimuli reaching them from perhaps almost as far as the horizon. Their search would thus be a random one, but not a search like that of a foraging party of tits, working its way through the trees; instead, it would be an optical search over a really wide range (Svärdson 1957) . Birds are often capable of staying during a period of harsh winter conditions in rowanberry or apple trees and to maintain themselves on remaining berries or rotten fruits (Berthold 1996) .
In Hungary, the species breeds in small number, but it is a common, sometimes abundant migrant in autumn (September-October) and spring (March-early March), and visitor in winter (October-March) (Hadarics & Zalai 2008) . Although occasional breeding is known from the early 20 th century (Hadarics & Zalai 2008) , the number of breeding pairs increased from the 1980's (Béres & Béres 1983 , Béres & Petrovics 1984 , possibly due to the extension of the species' distribution area (Tiainen et al. 1997 , Schmidt 1998 ). The knowledge related to the movements of the local population is insufficient (Csörgő & Gyurácz 2009a) .
Based on the Hungarian ringing records, most of the birds that migrate through and winter in the Carpathian Basin are from Scandinavia (mostly Finland). However, there are recaptures from Belgium and Russia too, and birds that had been ringed in Hungary have been recovered from southern France to Turkey (Csörgő & Gyurácz 2009a) .
In this study, the migration and wintering of Fieldfare were examined in Southeast Hungary. The main goal was to describe the autumn and spring migration of the species in the study area and to examine the connections between weather and the movements of the Fieldfares.
Material and methods
The study was carried out in the area of Kevermes and Lőkösháza in the southeastern part of Hungary ( Figure 1 ). I considered the administrative boundaries of the two villages with an 80 km 2 total area as the boundaries of the territory of my research (Hevesi 2005) . The landscape is dominated by agricultural lands with some planted forests, artificial lakes, canals and steppes (for details see Bozó 2017) . The core area was the surroundings of Fenyves-forest, with an approximate 50 ha total area. This area included the lake gravel pit (open water surface with dense lakeside vegetation), the forest of the former pheasant station (oleaster Elaeagnus angustifolia plantation), the Fenyves-forest (common hackberry Celtis occidentalis, common oak Quercus robur, acacia Robinia pseudoacacia) and a poplar (Populus spp.) plantation.
The study seasons covered the period between 1 October and 15 April in every year from 2004 to 2019 with a total of 416 observation records. The data collection was based on field observations with binocular. During the 2006/07 and 2009/10 seasons, the data collection was started later and finished earlier, therefore from these periods the earliest and latest observations cannot be published. The situation was the same in the cases of the latest records during the 2008/09, 2010/11 and 2015/16 seasons. For the description of migration periods and winter movements, I only considered the data from 2012 to 2019, when the intensity of data collection was similar. During this period, we visited the study site on 501 different days and we have seen the species on 344 different days. Detailed information of weather (minimum and maximum temperature values, snow thickness values) is available only from 2012, therefore to analyse the impact of temperature and snow coverage on the number of birds, I used data set from 1 October 2012 to 15 April 2018. To analyse the relationship between the number of birds and the temperature data of the current week, I used Pearson's product correlation test with the software R version 3.2.4 (R Development Core Team 2016). I also analysed the impact of the temperature values of the previous week on the number of birds in every season. To test the impact on the number of birds in the study area, the peak values of the different seasons were compared to the monthly temperature values of Helsinki, South-Finland. Microsoft Excel 2013 was used to create graphs and tables. The temperature data are from the website of the World Weather Online (www.worldweather online.com).
Results
The average movement pattern for 2012-2019 is characterized by three major peaks (mid-December, early-February, and late February to early March). The number of birds increases in October and the first half of November, high between late-November and early-March, and decreases from the second half of March (Figure 2) .
Taking the complete database into account, the earliest autumn data are from 4 October 2012, while the latest spring observation was on 15 April 2017. Based on data from 10 The earliest and latest observation data, the dates of the seasonal peaks and the number of birds observed at that time, and the number of days elapsed between the earliest and latest observation data per season 1. táblázat A legkorábbi és legkésőbbi megfigyelési adatok, a szezonális csúcsok időpontjai és az abban az időpontban megfigyelt példányszám, valamint a szezononkénti legkorábbi és legkésőbbi megfigyelési adatok között eltelt napok száma seasons, Fieldfares spent an average of 157.8 days in the area (SD = 20.5). The shortest period (127 days) was spent in the 2005/06 season and the longest period (188 days) in the 2012/13 season (Table 1) .
Compared to the average pattern, seasonal migration curves show significant differences between 2012 and 2019 ( Figure 3) . It had the highest number of birds in the 2012/13 season and the lowest number in the following season. In four seasons, the most birds were present between the beginning of November and the end of December, and after that period, their numbers decreased significantly. Conversely, during three seasons, there were few Table 2 .
Correlations between the number of birds observed and the temperature data for the current week by season 2. táblázat A megfigyelt madarak száma és az aktuális hét hőmérsékleti adatai közti összefüggések szezononként L. Bozó
Fieldfares in the area in autumn and the first half of the winter and their number peaked between late-January and late-February.
In the 2013/14 and 2016/17 seasons, the number of birds is negatively correlated with both minimum, maximum, and average temperatures. There was also a negative correlation between maximum temperatures and the number of birds in the 2012/13 season (Table 2) .
Examining the relationship between the weekly average number of birds and the temperature one week earlier, there was a negative correlation between the maximum temperature data and number of birds in the 2013/14 and 2016/17 seasons, while a negative correlation between minimum and average weekly temperatures was found for 2012/13, 2013/14 and 2016/17 seasons (Table 3) .
There was a positive correlation between the number of birds and snow cover in the 2013/14 and 2016/17 seasons (Table 4) .
There was no significant relationship between the average monthly mean temperatures in southern Finland and the seasonal peaks in Kevermes (r = -0.20728, p = 0.477), but in two of the seasons when the seasonal peak was above 1000 specimens (2010/11 and 2012/13) were characterized by extremely low temperature values in the breeding area. 
Discussion
In the case of partial migratory species nesting in northern Europe and Siberia, the breeding success (density) and the autumn-winter weather (amount and availability of food) determines the rate at which the birds remain at the breeding grounds or migrate to the south (Svärdson 1957 , Jenni 1987 . In case of Fieldfare, a good breeding season followed by poor late summer weather, would lead to large bird populations with a poor northern food supply. Such a case would bring forth years when very large influxes of Fieldfares appear in wintering areas early in the autumn (Milwright 1994) . Fieldfare is one of the irruptive species, and while the migration direction is essentially southwest, some populations use different migration directions, routes, and wintering grounds. In addition, usually, even within a winter season, they travel considerable distances in search of food (Csörgő & Gyurácz 2009a ). On the other hand, migration of closely related thrushes is much more regulated. The connectivity between nesting and wintering sites is much stronger, but there are also differences between populations. Different subspecies of Song Thrush T. philomelos and Common Blackbird T. merula exhibit various migratory strategies (resident, partial or obligate migrant) (Lundberg 1985 , Csörgő et al. 2017a , b, Németh 2017 . The general direction of autumn migration of Song Thrush is in a large angle from southwest to southeast, however, the migrants mainly winter in southwest Europe (Milwright 2006) , while Common Blackbirds from Fennoscandia, British Isles, Denmark and Germany migrate to south-southwest and there is a clear tendency, that birds from more eastern origin migrate to the south (Ashmole 1962) . Hungarian populations of Song Thrushes and Common Blackbirds winter in a relatively limited range in the Central Mediterranean (Csörgő et al. 2017a , b, Csörgő & Gyurácz 2009b . It seems that the Carpathians are some kind of a barrier for the northern Common Blackbirds and Song Thrushes (Csörgő et al. 2017a, b) . This results in the migration flyways avoiding the Carpathian Basin. The populations of Redwings T. iliacus are obligate or partial migrants and overwinter in a wide area from Iceland to the Black Sea (Huttunen 2004) . The migration and winter movement of the species is very similar to that of the Fieldfare: birds do not have strong wintering site fidelity and their movement is determined by the amount of available food (Andreotit et al. Milwright 2002 Milwright , 2003 . Northern populations typically migrate southwest (Milwright 2002 (Milwright , 2003 , similar to other thrush species discussed so far. The east-west movements for Turdus species seem to be important, also in an evolutionary sense. In a recent study, Nagy et al. (2019) found that the most likely ancestral area of genus Turdus located in East Asia, followed by colonization of the western Palearctic, Africa and emerged and repeated trans-Atlantic events. In addition, some species distributed in Siberia, like Naumann's Thrush T. naumanni and Black-throated Thrush T. atrogularis can be also occur in Western and Central Europe during their westward vagrancy (Hadarics 2014 (Hadarics , 2016 . The Fieldfare does not breed in the southeastern part of Hungary, however, it is a common migratory and wintering species (Bozó 2017) . Breeding in Hungary takes place between April and July, mainly on wet meadows, pastures and floodplains (Haraszthy 2019) . There are no extensive pastures, meadows and apple orchards in the area, which are essential foraging sites for the species.
Feeding flocks appear every year on the Turai lawn and Tulkán lawn (which are wet lawns) in Lőkösháza, but they only stay there for a short time, presumably due to the lack of suitable resting trees (Bozó 2017) . However, the Fenyves Forest and the surrounding forests provide an adequate food supply for the species (oleaster, common hackberry). Birds typically spend the night there, but in mild weather and on snow-free days, during the morning they divide into smaller groups and feed on the surrounding fields. In the absence of ringing-recapture data, it is not known whether these birds come back overnight or move to another area. Both options are likely to occur, as in some cases the number of birds is approximately the same at two morning outings, others are significantly different. In case of cold weather and thick snow cover, birds will not leave the food-rich forest during the day. In addition to the fruits available even with thicker snow cover, the watering places in the area are of great importance. For this purpose, in the case of long-lasting colds below -15 °C , birds use the close gravel pit and the puddles that are broken by traffic. The availability of water is likely to be a very important factor for the movement of birds during the season. In the winter of 2005/06, due to the extremely thick (sometimes 50-60 cm) snow cover, Fieldfares appeared in much larger numbers in the village than usual. At that time, their flocks appeared in the only apple orchard of the village and also in bird feeder sites. Summarizing the data from the past 16 years, the first birds arrive in the second half of October in autumn, but in one case they arrived in the area at the beginning of the month. Because individuals of northern European populations typically reach the northern areas of Central Europe only by November (Fransson & Hall-Karlsson 2008 , Valkama et al. 2015 , these birds are likely to be members of the Central European breeding population. Following sporadic occurrences in October, migration will intensify in November, which is likely to indicate the arrival of Scandinavian birds. The movement pattern observed thereafter changes from year to year. Although the dates of the seasonal peaks do not coincide with the coldest winter temperatures in the North, two out of the four coldest winters in Finland overlapped with the highest numbers of Fieldfares observed in Kevermes. The data show a peak in mid-December and then a peak in late January/early February, supported by the time distributions of the maximum number of birds observed in the 16 study years.
Significant differences between years can be explained by species-specific invasion patterns and low wintering site fidelity. In the more southern areas, they appear more abundantly when food in the northern areas is scarce and/or inaccessible, e.g. because of a heavy snowfall. This can be especially significant if the breeding success was high in that year. This is true not only for the Fieldfare but also for the closely related species, the Redwing and the Common Blackbird (Snow 1966 , Andreotit et al. 2001 , Milwright 2002 , 2003 , Bairlein et al. 2014 , but also in other species with similar migration habits, e.g. Two-barred Crossbill Loxia leucoptera (Svärdson (1957) and Brambling Fringilla montifringilla (Jenni 1987) ).
While Blackbirds are unlikely to perform hard-weather movements in Britain (Snow 1966), some individuals may exhibit weather escape movements in Germany (Bairlein et al. 2014) and also in Hungary, where the males show hard-weather escape equalising the sex ratio on lower altitudes (Csörgő & Kiss 1986 , Ludvig et al. 1991 . The Song Thrush (Ashmole 1962) and the Common Blackbird (Ioalè & Benvenuti 1983) are also characterized by strong wintering site fidelity.
Only two invasions occurred during the study period, when the maximum numbers of birds were over 1500 individuals. It shows very well the seasonal variability in the number of wintering individuals, that after the invasion in the season of 2012/13, we observed the least birds in the following season.
Fieldfares have low wintering site fidelity. They are characterized by an escape movement, which occurs when the weather conditions become unfavourable or when food sources are exhausted. In our study, the correlation between the local weather and the number of birds shows that with the decrease in temperature, the number of birds has increased statistically significantly in certain seasons. It was the strongest among the current weekly numbers and the previous week's weather values. Three out of the six seasons showed significant correlation. There was a significant positive correlation between the snow cover and the number of birds in two seasons. All in all, this indicates that the local movement of birds is mainly influenced by the weather of the previous week. It encourages birds to seek new food sources in adverse weather conditions. Because of the thickening of the snow cover, birds cannot feed on the soil. In this case, the role of woody vegetation increases, as the berries and fruits are still available.
The fact that the birds spend 127-188 days in the study site, raises conservation issues. The species is extensively hunted in southern Europe (Spina & Volponi 2009 ), while in most parts of the continent, due to specific human activities and climate change, the extent of pastures and wetlands is decreasing. As a result, changes may occur in species overwintering in the continental Mediterranean. For example, Németh (2017) found that the Common Blackbird is wintering even more northward. According to ringing-recapture data, the bird bycatch distance has decreased significantly (5.9 km/year) over the years. The migration of Fieldfare is much less regulated than the Common Blackbird's, and it is able to react to changes much easier. It is therefore likely that the Carpathian Basin will become an increasingly important wintering area for the species. Since, like many other bird species, it consumes mainly crops (oleaster, common hackberry) in the winter, their role may also increase. This is especially true in the woodless plains of the Great Plain, where forests consisting of native tree species have been almost completely eliminated (Bozó 2018) , so bushes and wooded areas of alien species can be appreciated from a nature conservation point of view.
